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(54) AIR CONDITIONER

(57)  Acycle-side system (20) is formed by duct con-
necting a compressor (21), a heat exchanger (30), a de-
moisturizer (22), and an expansion device (23) in that
order. The compressor (21) draws in room air and sup-
ply air for ventilation and compresses the same. The
compressed air exchanges heat with exhaust air for
ventilation in the heat exchanger (30), thereby being
cooled. Water vapor in the cooled, compressed air is
removed in the demoisturizer (22). The demoisturizer
(22) is provided with a separation membrane and sep-

arates water vapor in the compressed air without the oc-
currence of condensation. Thereafter, the compressed
air is expanded in the expansion device (23) to change
into low-temperature air. The low-temperature air is sup-
plied into aroom. On the other hand, the heat exchanger
(30) is fed exhaust air cooled in a humidifying cooler
(41). Further, in the heat exchanger (30), a latent heat
of vaporization of moisture supplied by a humidifying
part (42) is also utilized for cooling of the compressed
air.
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Description
TECHNICAL FIELD

[0001] The present invention relates to an air cycle
air-conditioning apparatus employing air as a refrigerant
and, more particularly, to an efficiency improving
scheme.

BACKGROUND ART

[0002] Cooling apparatus of the air cycle type in which
air serves as a refrigerant have been conventionally
known in the art. For example, there is disclosed in Jap-
anese Unexamined Patent Gazette No. S62-102061
one type of air cycle cooling apparatus. This type of cool-
ing apparatus includes a compressor, a heat exchanger,
and an expansion device. That is, air is drawn into the
compressor where the air is compressed. The com-
pressed air is cooled in the heat exchanger and there-
after expanded in the expansion device, for obtaining
low-temperature air of low temperature. In the cooling
apparatus of the aforesaid Patent Gazette, the cooling
air thus obtained is used for achieving cooling of the in-
side of a room. Further, in the cooling apparatus, the
low-temperature air expanded in the expansion device
is sprayed with water so that the temperature of the low-
temperature air is lowered to a further extent by evapo-
ration of the water for enhancing cooling capacity.

PROBLEMS TO BE SOLVED

[0003] However, inthe aforesaid conventional cooling
apparatus, cooling of air compressed in the compressor
is carried out by heat exchange with outside air. If out-
side air temperature rises to as high as 35 degrees cen-
tigrade in summer, it is impossible for the cooling appa-
ratus to lower the temperature of the compressed air be-
yond about 40 degrees centigrade. Accordingly, in order
to ensure cooling capacity even when outside air tem-
perature is high, the compression ratio of the compres-
sor must be increased. As a result, compressor driving
power should be increased, giving rise to the problem
of poor cooling efficiency, i.e., low COP (coefficient of
performance).

[0004] Bearing in mind the above drawbacks with the
prior art, the present invention was made. Accordingly,
an object of the present invention is to provide an im-
proved COP while at the same time maintaining the
cooling capacity of an air cycle air-conditioning appara-
tus.

DISCLOSURE OF THE INVENTION

[0005] In the present invention, the temperature of
cooled, compressed air is lowered and compressor driv-
ing power can be reduced while maintaining cooling ca-
pacity.
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[0006] More specifically, the present invention dis-
closes a first solution means which is directed to an air-
conditioning apparatus for cooling room air by an air cy-
cle employing air as a refrigerant, thereby performing
air-cooling. The air-conditioning apparatus of the first
solution means comprises a compressor (21) which
draws in at least air in a room for compressing the drawn
room air, a cooling means (30) which subjects the com-
pressed air compressed in the compressor (21) to heat
exchange with exhaust air expelled from the room for
cooling the compressed air, and an expansion device
(23) which provides expansion of the compressed air
cooled by the cooling means (30), wherein low-temper-
ature air, cooled by the expansion in the expansion de-
vice (23), is delivered to the room.

[0007] Further, the present invention discloses a sec-
ond solution means according to the first solution means
in which a moisturizing means (41) is disposed which
supplies moisture to the exhaust air that is delivered to
the cooling means (30) for pre-cooling the exhaust air.
[0008] Further, the present invention discloses a third
solution means according to the first solution means in
which a moisturizing means (42) is disposed which sup-
plies moisture to the exhaust air so that cooling of the
compressed air is performed making utilization of a la-
tent heat of vaporization of water in the cooling means
(30).

[0009] Further, the present invention discloses a
fourth solution means according to the second or third
solution means in which, when the exhaust air is ex-
pelled from the cooling means (30), each moisturizing
means (41, 42) supplies a specified amount of moisture
to the exhaust air so that the exhaust air has a relative
humidity in a range from not less than 80% to less than
100%.

[0010] Further, the present invention discloses a fifth
solution means according to the second or third solution
means in which each moisturizing means (41, 42) sup-
plies moisture to the exhaust air through a moisture per-
meable membrane transmittable to moisture.

[0011] Further, the presentinvention discloses a sixth
solution means according to the first solution means in
which a demoisturizing means (22) is disposed which
has a separation membrane and the separation mem-
brane is formed such that water vapor in the air is al-
lowed to pass therethrough from a high partial pressure
of water-vapor side to a low partial pressure of water-
vapor side thereof, for separation of water vapor con-
tained in the compressed air without causing the water
vapor to undergo condensation.

[0012] Further, the present invention discloses a sev-
enth solution means according to the sixth sclution
means in which a depressurizing means (36) is dis-
posed which provides depressurization of one of the
sides of the separation membrane in the demoisturizing
means (22) so as to ensure a difference in partial pres-
sure of water-vapor between both the separation mem-
brane sides.
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[0013] Further, the present invention discloses an
eighth solution means according to any one of the sec-
ond to fifth solution means in which a demoisturizing
means (22) is disposed which has a separation mem-
brane and the separation membrane is formed such that
water vapor in the air is allowed to pass therethrough
from a high partial pressure of water-vapor side to a low
partial pressure of water-vapor side thereof, for separa-
tion of water vapor contained in the compressed air with-
out causing the water vapor to undergo condensation.
[0014] Further, the presentinvention discloses a ninth
solution means according to the eighth solution means
in which a depressurizing means (36) is disposed which
provides depressurization of one of the sides of the sep-
aration membrane in the demoisturizing means (22) so
as to ensure a difference in partial pressure of water-
vapor between both the separation membrane sides.
[0015] Further, the presentinvention discloses atenth
solution means according to the sixth or eighth solution
means in which the demoisturizing means (22) is formed
so that one of surfaces of the separation membrane is
brought into contact with the compressed air whereas
the other of the surfaces is brought into contact with the
exhaust air, whereby water vapor contained in the com-
pressed air will travel to the exhaust air.

[0016] Further, the present invention discloses an
eleventh solution means according to any one of the
sixth to ninth solution means in which a part or all of
moisture separated from the compressed air by the de-
moisturizing means (22) is supplied, together with low-
temperature air from the expansion device (23), into the
room.

[0017] Further, the present invention discloses a
twelfth solution means according to the ninth solution
means in which a part or all of moisture separated from
the compressed air by the demoisturizing means (22) is
supplied to the exhaust air by the moisturizing means
(41, 42).

[0018] Further, the present invention discloses a thir-
teenth solution means according to any one of the sixth
to twelfth solution means in which the separation mem-
brane is composed of a polymeric membrane and
formed so as to allow water vapor to pass therethrough
by water-molecule diffusion in the membrane.

[0019] Further, the present invention discloses a four-
teenth solution means according to any one of the sixth
to twelfth solution means in which the separation mem-
brane has a large number of pores having a size equal
to a molecule free path and is formed so as to allow wa-
ter vapor to pass therethrough by water-molecule cap-
illary condensation and diffusion.

[0020] Further, the present invention discloses a fif-
teenth solution means according to any one of the first
to fourteenth solution means in which the compressor
(21) is so formed as to draw in room air and supply air
that is supplied from the outside to the inside of the
room.

[0021] Finally, the present invention discloses a six-
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teenth solution means according to any one of the first
to fifteenth solution means in which low-temperature air
from the expansion device (23) is mixed with room air
and thereafter the mixture is supplied into the room.

ACTION

[0022] Inthe first solution means, the compressor(21)
compresses at least room air which then becomes high-
pressure, compressed air. The compressed air is cooled
in the cooling means (30) and thereafter expanded in
the expansion device (23) to become low-temperature
air. The low-temperature is supplied into the room for
cooling thereof. Here, the temperature of exhaust air ex-
pelled from inside the room for the purpose of ventilation
et cetera is approximately the same as room tempera-
ture, therefore being lower than outside air temperature.
In the present solution means, in the cooling means (30)
compressed air is cooled with exhaust air the tempera-
ture of which is lower than that of outside air.

[0023] Further, in the second solution means, the
moisturizing means (41) supplies moisture to exhaust
air, so that the temperature of the exhaust air is made
lower than that of room air by evaporation of the mois-
ture supplied. And then, in the cooling means (30), the
exhaust air, the temperature of which is lower than room
temperature, is subjected to heat exchange with com-
pressed air.

[0024] Further, in the third solution means, the mois-
turizing means (42) supplies moisture to exhaust air and
the cooling means (30) utilizes a sensible heat of the
exhaust air and a latent heat of vaporization of the mois-
ture for compressed air cooling. That is, in the cooling
means (30), the compressed air is cooled while on the
other hand the exhaust air is heated, and the moisture
supplied to the exhaust air is evaporated. At that time,
the temperature rising of the exhaust air is suppressed
by such moisture evaporation, thereby maintaining a dif-
ference in temperature between the exhaust air and the
compressed air.

[0025] Further, in the fourth solution means, the mois-
turizing means (41, 42) supply a possible maximum
amount of moisture to exhaust air in such a range that
no condensation occurs in the exhaust air when it is ex-
pelled from the cooling means (30). Accordingly, com-
pressed air cooling is carried out by making utilization
of a latent heat of vaporization of the moisture to the full
extent.

[0026] Further, in the fifth solution means, moisture is
gradually supplied, through a specified moisture perme-
able membrane, to exhaust air by the moisturizing
means (41, 42).

[0027] Further, in the sixth or eighth solution means,
the demoisturizing means (22) removes moisture from
the air compressed in the compressor (21). At that time,
since the demoisturizing means (22) has a specified
separation membrane, moisture in the compressed air
is removed therefrom, still remaining in the form of water
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vapor.
[0028] Further, in the seventh or ninth solution means,
depressurization provided by the depressurizing means
(36) ensures creation of a difference in partial pressure
of water-vapor between both the sides of the separation
membrane. That is, one surface of the separation mem-
brane comes into contact with compressed air and the
other surface is subjected to depressurization by the de-
pressurizing means (36). Accordingly, the partial pres-
sure of water-vapor of the other surface side of the sep-
aration membrane is held lower than that of the com-
pressed air.

[0029] Further, in the tenth solution means, one sur-
face of the separation membrane is brought into contact
with compressed air and the other surface thereof is
brought into contact with exhaust air. Accordingly, in a
running condition in which the exhaust airis lower in par-
tial pressure of water-vapor than the compressed air,
moisture in the compressed air travels to the exhaust
air without any external action.

[0030] Further, in the eleventh solution means, mois-
ture separated from compressed air is used for room
humidification. Here, if moisture is separated from com-
pressed air, this may result in gradual drop of the room
humidity. On the other hand, in the present solution
means, a part or all of moisture separated is brought
back into the room, thereby providing protection against
excessive drop in the room humidity.

[0031] Further, in the twelfth solution means, moisture
separated from compressed air is supplied to exhaust
air by the moisturizing means (41, 42) and a latent heat
of vaporization of that moisture is utilized for cooling of
compressed air in the cooling means (30).

[0032] Further, in the thirteenth or fourteenth solution
means, the separation membrane is so formed by a giv-
en process so that it allows water vapor to pass there-
through.

[0033] Further, in the fifteenth solution means, supply
air that is supplied from the outside to the inside of a
room is supplied, together with room air, to the compres-
sor (21). The supply air is for ventilation and the temper-
ature of the supply air is substantially the same as out-
side airtemperature. Together with the room air, the sup-
ply air flows through the compressor (21), through the
cooling means (30), and through the expansion device
(23) in that order. After it is cooled, the supply air is sup-
plied into the room.

[0034] Further, in the sixteenth solution means, even
when the temperature of the low-temperature air be-
comes considerably low depending upon the running
condition, the low-temperature air is mixed with mixing
air, whereby the temperature of the low-temperature air
when it is supplied into the room will not become that
low.

EFFECTS

[0035] In accordance with the above-described solu-
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tion means, compressed air cooling is carried out using
exhaust air. This makes it possible to cool the com-
pressed air to lower temperatures when compared to
cooling with outside air. Because of this, it is possible to
achieve reduction in the input to the compressor (21)
while maintaining cooling capacity, thereby providing an
improved COP.

[0036] Inrespectto the above point, a description will
be given with reference to a graph of Figure 3. First,
when compressed air is cooled with outside air, it is re-
quired that compression ratio be increased so that the
compressed air becomes able to give off heat to the out-
side air. More specifically, it is required that the air be
compressed from Point A to Point B', and a compression
work of the compressor (21) is Wcom'. The compressed
air is cooled from Point B' to Point C' and thereafter sub-
jected to expansion from Point C' to Point D in the ex-
pansion device (23), thus becoming low-temperature
air. Atthat time, a recovery work of the expansion device
(23) is Wexp'. Therefore, the input required is (Wcom' -
Wexp").

[0037] On the other hand, when compressed air is
cooled with exhaust air the temperature of which is lower
than that of outside air, this enables the compressed air
to give off heat to the exhaust air even at low compres-
sion ratio. More specifically, compression of the air from
Point A to Point B will suffice, and a compression work
of the compressor (21) is Wecom. The compressed air is
cooled down from Point B to Point C and thereafter sub-
jected to expansion from Point C to Point D in the ex-
pansion device (23), thus becoming low-temperature
air. Atthat time, a recovery work of the expansion device
(23) is Wexp. Therefore, the input required is (Wcom -
Wexp).

[0038] Accordingly, if compressed air is cooled with
exhaust air, this reduces the required input from (Wcom'
- Wexp') to (Wcom - Wexp). In both of the cases, the
cooling capacity is Qref. Here, COP is found by dividing
cooling capacity by input. Accordingly, the arrangement
that compressed air is cooled with exhaust air makes it
possible to achieve reduction in the input while main-
taining cooling capacity, thereby achieving an improved
COP.

[0039] Further, in accordance with the second solu-
tion means, it is possible to perform cooling of com-
pressed air with exhaust air whose temperature has
been further lowered in comparison with room temper-
ature. Because of this, it is possible to cool the com-
pressed air to further lower temperatures, thereby
achieving a further improved COP.

[0040] Further, in accordance with the third solution
means, it is possible to suppress the temperature rising
of exhaust air in the cooling means (30) by evaporation
of the moisture supplied. This makes it possible to main-
tain a temperature difference between the exhaust air
and the compressed air, therefore promoting the trans-
fer of heat from the compressed air to the exhaust air.
As aresult, it is possible to cool the compressed air to
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a further lower temperature, thereby achieving a further
improved COP.

[0041] Further, in accordance with the fourth solution
means, moisture evaporation latent heat is utilized to the
full in such a range that no condensation occurs in the
exhaust air, for compressed air cooling. Because of this,
itis possible to cool compressed air by making utilization
of moisture evaporation latent heat without the neces-
sity to process drain water.

[0042] Further, in accordance with the fifth solution
means, moisture is supplied little by little to the exhaust
air, thereby ensuring that the moisture supplied is evap-
orated positively in the exhaust air. As a result, the mois-
ture supplied into the exhaust air will not remain in the
phase of liquid. Accordingly, moisture evaporative latent
heat is utilized to the full for compressed air cooling with-
out taking into consideration the processing of drain at
all.

[0043] Further, in accordance with the sixth or eighth
solution means, it is possible to deliver, after separation
of moisture from compressed air, the compressed air to
the expansion device (23). This makes it possible to pro-
vide expansion of the compressed air that does not con-
tain therein much moisture, thereby preventing the oc-
currence of condensation in the post-expansion low-
temperature air. As a result, it becomes possible to per-
form room cooling while preventing emission of liquid
droplets together with low-temperature air into the room.
[0044] Further, in accordance with the present solu-
tion means, it is possible to separate moisture from the
compressed air in the form of water vapor without the
occurrence of condensation. As a result, it is possible to
increase cooling capacity, thereby achieving an im-
proved COP.

[0045] Inrespect to the above point, a description will
be given with reference to a graph of Figure 4. First,
when moisture is not removed from the compressed air,
a refrigeration cycle in such a case is indicated by Point
A, Point B, Point C', and Point D', and the cooling ca-
pacity is Qref'. On the other hand, when moisture is sep-
arated from the compressed air in the form of water va-
por, it is possible to lower the enthalpy of the post-cool-
ing compressed air by enthalpy held by the separated
water vapor. More specifically, the compressed air can
be placed in the state of Point C and a refrigeration cycle
in this case is indicated by Point A, Point B, Point C, and
Point D, and the cooling capacity is Qref. Both the cases
are substantially identical not only in the compression
work of the compressor (21) but also in the recovery
work of the expansion device (23), so that the input var-
ies little. Accordingly, it is possible to increase the cool-
ing capacity from Qref ' to Qref without increasing the
input, thereby achieving an improved COP.

[0046] Further, in accordance with the seventh or
ninth solution means, it is possible to ensure, in any op-
erating condition, a difference in partial pressure of wa-
ter-vapor between both the sides of the separation
membrane by the depressurization means (36). Accord-
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ingly, itis possible to separate water vapor from the com-
pressed air at all times by the separation membrane,
thereby making it possible to provide stable running op-
erations while achieving an improved COP. Further,
even during start-up it is possible to ensure a difference
in partial pressure of water-vapor between both the
sides of the separation membrane. Accordingly, in ac-
cordance with the present solution means, it is possible
to shorten the time taken to achieve sufficient cooling
capacity from the start time.

[0047] Further, in accordance with the tenth solution
means, it is possible to expel water vapor separated
from compressed air to the outside of the room, together
with exhaust air. This eliminates the need for a structure
for processing the water vapor separated, therefore
achieving structure simplification.

[0048] Further, in accordance with the eleventh solu-
tion means, it is possible to provide protection against
excessive drop in room humidity, thereby making it pos-
sible to maintain not only room temperature but also
room humidity in specified ranges to improve the com-
fortability of the person present in the room.

[0049] Further, in accordance with the twelfth solution
means, it is possible to use moisture separated from
compressed air for cooling of the compressed air in the
cooling means (30). As a result, it becomes possible to
reduce the amount of water required for running opera-
tions.

[0050] Further, in accordance with the thirteenth or
fourteenth solution means, it is possible to ensure that
a separation membrane having a specified function is
formed positively.

[0051] Further, in accordance with the fifteen solution
means, it is possible to perform operations in which both
room air and supply air are used as a refrigerant.
[0052] Further, in accordance with the sixteenth solu-
tion means, it is possible to prevent the temperature of
air that is emitted into the room from becoming too low,
thereby maintaining the comfortability of the person
present in the room.

BRIEF DESCRIPTION OF THE DRAWINGS
[0053]

Figure 1is a schematic arrangement diagram show-
ing an arrangement of an air-conditioning appara-
tus in accordance with an embodiment of the
present invention.

Figure 2 is an air state-diagram showing the oper-
ation of the air-conditioning apparatus of the em-
bodiment.

Figure 3 is a characteristic diagram showing a rela-
tionship between the pressure and the enthalpy in
an air cycle for providing a description of the fact
that COP is improved by lowering the temperature
of compressed air.

Figure 4 is a characteristic diagram showing a rela-
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tionship between the pressure and the enthalpy in
an air cycle for providing a description of the fact
that the cooling capacity is improved by separation
of water vapor from compressed air.

BEST MODE FOR CARRYING OUT THE INVENTION

[0054] Hereinafter, an embodiment of the present in-
vention will be described in detail by making reference
to the accompanying drawings.

[0055] As shown in Figure 1, an air-conditioning ap-
paratus (10) of the present embodiment is made up of
a cycle-side system (20) and an exhaust heat-side sys-
tem (40).

[0056] The cycle-side system (20) is formed by estab-
lishing sequential duct connection of a compressor (21),
a heat exchanger (30), a demoisturizer (22), and an ex-
pansion device (23), for performing refrigeration opera-
tions by an air cycle. In addition, the cycle-side system
(20) further includes a suction duct (24) connected to
the inlet side of the compressor (21) and an emission
duct (25) connected to the outlet side of the expansion
device (23). The suction duct (24) is constructed such
that it is divided, at its leader end side, into two branch-
es, whereby room air and supply air for ventilation sup-
plied from the outside of a room are delivered to the
compressor (21). Further, the emission duct (25) is so
formed as to guide low-temperature air from the expan-
sion device (23) into the room.

[0057] The exhaust heat-side system (40) is formed
by establishing duct connection of a humidifying cooler
(41) and the heat exchanger (30) and includes an inlet
duct (43) connected to the humidifying cooler (41) and
an outlet duct (44) connected to the heat exchanger
(30). The inlet duct (43) opens, at its one end, to the
room and is connected, on the way to the humidifying
cooler (41), to a branch duct (45) which is connected, at
its one end, to the emission duct (25). The inlet duct (43)
is constructed so that, of the room air flowing there-
through, a part thereof is guided to the humidifying cool-
er (41) as exhaust air that is expelled out of the room for
ventilation and the remaining air is delivered to the emis-
sion duct (25). Moreover, the outlet duct (44) opens, at
its one end, to the outside of the room, whereby exhaust
air from the heat exchanger (30) is expelled to the out-
side of the room.

[0058] Connected to the compressor (21) is a motor
(35). Further, the compressor (21) is connected to the
expansion device (23). The compressor (21) is so con-
figured as to be driven by driving force by the motor (35)
and by expansion operation when air is expanded in the
expansion device (23).

[0059] Zone formed in the heat exchanger (30) are a
compressed air passageway (31) through which com-
pressed air flows and an exhaust air passageway (32)
through which exhaust air flows. The compressed air
passageway (31) is duct connected, at its one end, to
the compressor (21), whereas the other end thereof is
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connected to the demoisturizer (22). On the other hand,
the exhaust air passageway (32) is duct connected, at
its one end, to the humidifying cooler (41), whereas the
other end thereof is connected to the outlet duct (44).
The heat exchanger (30) is so configured as to perform
heat exchange between compressed air of the com-
pressed air passageway (31) and exhaust air of the ex-
haust air passageway (32). That is, the heat exchanger
(30) constitutes a cooling means for cooling the com-
pressed air by heat exchange with the exhaust air.
[0060] Further, mounted in the heat exchanger (30) is
a humidifying part (42). In the humidifying part (42), the
exhaust air passageway (32) is formed of a moisture
permeable membrane and a water-side space is de-
fined opposite across the moisture permeable mem-
brane. Connected to the water-side space is a water
supplying pipe (50) and tap water or the like is supplied,
through the water supplying pipe (50), to the water-side
space. In addition, the moisture permeable membrane
is formed so that it allows moisture to pass therethrough,
wherein moisture in the water-side space penetrates
through the moisture permeable membrane to exhaust
air in the exhaust air passageway (32).

[0061] The moisture supplied by the humidifying part
(42) evaporates in the exhaust air, thereby suppressing
the temperature rising of the exhaust air that is subject-
ed to heat exchange with the compressed air. This en-
sures a difference in temperature between the exhaust
air and the compressed air. That is, the humidifying part
(42) constitutes a moisturizing means capable of a sup-
ply of moisture to the exhaust air for cooling the com-
pressed air by making utilization of a latent heat of va-
porization.

[0062] Furthermore, the humidifying part (42) sup-
plies a specified amount of moisture to the exhaust air
so that the exhaust air at the exit of the exhaust air pas-
sageway (32) of the heat exchanger (30) has a humidity
in a range from not less than 80% to less than 100%.
As a result of such arrangement, moisture is supplied-
to exhaust air in such a range that no condensation oc-
curs in the exhaust air when discharged to the outside
of the room.

[0063] The demoisturizer (22) has a separation mem-
brane. Separated by the separation membrane are a
high-pressure space and a low-pressure space. The
high-pressure space is duct connected, at its inlet side,
to the compressed air passageway (31) of the heat ex-
changer (30) whereas the outlet side thereof is duct con-
nected to the expansion device (23). Accordingly, com-
pressed air cooled in the heat exchanger (30) flows into
the high-pressure space. In the demoisturizer (22), wa-
ter vapor in the compressed air penetrates through the
separation membrane, as a result of which the water va-
por travels from the high-pressure space side to the low-
pressure space side. Thatis, the demoisturizer (22) con-
stitutes a demoisturizing means capable of removal of
moisture from the compressed air.

[0064] The separation membrane is implemented by
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a polymeric membrane such as fluororesin. The sepa-
ration membrane is so constructed as to allow water va-
por to pass therethrough by water molecule diffusion
through the membrane inside. Further, the separation
membrane may be formed of a porous membrane for
gas separation formed of xerogel et cetera. In this case,
the moisture in the compressed air penetrates through
the separation membrane by capillary condensation
and diffusion of water molecule.

[0065] The humidifying cooler (41) has a moisture
permeable membrane. Separated by the moisture per-
meable membrane are an air-side space and a water-
side space. The air-side space is duct connected, at its
inlet side, to the inlet duct (43) whereas the outlet side
thereofis duct connected to the exhaust air passageway
(32) of the heat exchanger (30). Accordingly, exhaust
air flows into the air-side space. Moreover, the water
supplying pipe (50) is connected to the water-side space
and tap water et cetera is supplied, through the water
supplying pipe (50), to the water-side space. On the oth-
er hand, the moisture permeable membrane is formed
so that it allows moisture to pass therethrough. As a re-
sult, moisture in the water-side space penetrates
through the moisture permeable membrane, thus being
supplied to the exhaust air in the air-side space. The
humidifying cooler (41) is so configured as to lower the
temperature of exhaust air by evaporation of the mois-
ture supplied to the exhaust air. That is, the humidifying
cooler (41) constitutes a moisturizing means for pre-
cooling exhaust air and delivering the same to the heat
exchanger (30).

[0066] Connected to the low-pressure space of the
demoisturizer (22) is a vacuum pump (36). The vacuum
pump (36) is disposed for providing depressurization of
the low-pressure space, which constitutes a depressu-
rizing means for ensuring a difference in partial pressure
of water-vapor between the low-pressure space and the
high-pressure space.

[0067] Further, connected to the outlet side of the vac-
uum pump (36) is a first water line (51) and a second
water line (52). The first water line (51) is connected to
the water-side space of the humidifying cooler (41) and
to the water-side space of the humidifying part (42) of
the heat exchanger (30), for supplying moisture sepa-
rated from compressed air in the demoisturizer (22) to
both the water-side spaces. On the other hand, the sec-
ond water line (52) is connected to the branch duct (45),
for supplying, together with room air, moisture separat-
ed from compressed air in the demoisturizer (22) into
low-temperature air within the emission duct (25).

RUNNING OPERATION

[0068] Next, running operation of the air-conditioning
apparatus (10) will be explained with reference to Figure
2,

[0069] When in the cycle-side system (20) the com-
pressor (21) is driven by the motor (35), room air and
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supply air are fed to the compressor (21) through the
suction duct (24). More specifically, supply air (flow rate:
MO) and room air (flow rate: M) are mixed with each
other and the mixture is supplied to the compressor (21).
Inthe compressor (21), the air thus supplied is subjected
to compression in a range from Point 1 to Point 2, there-
by generating compressed air of a flow rate of MO + M.
The compressed air is delivered to the compressed air
passageway (31) of the heat exchanger (30).

[0070] In the heat exchanger (30), while the com-
pressed air is flowing through the compressed air pas-
sageway (31) it exchanges heat with exhaust air of the
exhaust air passageway (32). Because of this, the com-
pressed air is cooled in a range from Point 2 to Point 3.
The compressed air thus cooled is directed to the high-
pressure space of the demoisturizer (22).

[0071] In the demoisturizer (22), moisture: dm is re-
moved from the compressed air in a range from Point 3
to Point 3' and the enthalpy of the compressed air falls.
More specifically, in the demoisturizer (22), the low-
pressure space is depressurized by the vacuum pump
(36), so that the partial pressure of water-vapor of the
low-pressure space is maintained lower than that of the
high-pressure space at all times. The difference in par-
tial pressure of water-vapor between both the spaces
allows water vapor in the compressed air to penetrate
through the separation membrane for removal of the
moisture in the compressed air. At that time, the water
vapor in the compressed air is separated from the com-
pressed air in the form of water vapor without undergo-
ing condensation. Accordingly, there is a corresponding
drop in enthalpy of the compressed air to the enthalpy
of the separated water vapor.

[0072] Thereafter, the compressed air is delivered to
the expansion device (23). In the expansion device (23),
the compressed air is expanded in a range from Point
3' to Point 4, thereby becoming low-temperature air.
Then, the low-temperature air is supplied, through the
emission duct (25), into the room, whereby the room is
cooled. At that time, room air is delivered, through the
branch duct (45), into the emission duct (25). Accord-
ingly, the low-temperature air, mixed with a specified
amount of room air, is supplied into the room.

[0073] On the other hand, in the exhaust heat-side
system (40), exhaust air (flow rate: MO) is delivered,
through the inlet duct (43), to the air-side space of the
humidifying cooler (41). That is, exhaust air whose flow
rate is the same as that of the supply air is delivered to
the humidifying cooler (41).

[0074] In the humidifying cooler (41), moisture (flow
rate: m1) is supplied to the exhaust air at Point 5 and
the moisture supplied is evaporated in the exhaust air.
Because of this, the temperature of the exhaust air be-
comes lower than room temperature. Then, the temper-
ature-lowered exhaust air is delivered to the exhaust air
passageway (32) of the heat exchanger (30).

[0075] Inthe exhaust air passageway (32) of the heat
exchanger (30), the exhaust air is subjected to heat ex-
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change with the compressed air of the compressed air
passageway (31) in arange from Point 6 to Point 7. That
is, in the heat exchanger (30), the compressed air is
cooled by the low-temperature exhaust air from the hu-
midifying cooler (41).

[0076] Further, in the heat exchanger (30), moisture
(flow rate: m2) is supplied to exhaust air in the exhaust
air passageway (32) in the humidifying part (42). The
moisture thus supplied evaporates in the exhaust air in
the exhaust air passageway (32), thereby suppressing
the temperature rising of the exhaust air. This accord-
ingly maintains a difference in temperature between the
compressed air and the exhaust air in the heat exchang-
er (30), thereby ensuring that the compressed air is
cooled positively.

[0077] Here, in the present embodiment, a mixture of
room air and supply air for ventilation flows through the
cycle-side system (20) and, on the other hand, only ex-
haust air for ventilation flows through the exhaust heat-
side system (40). Accordingly, in the heat exchanger
(30), heat exchange between compressed air (flow rate:
MO + M) and exhaust air (flow rate: MO) is carried out.
That is, cooling of compressed air is performed with ex-
haust air having a flow rate less than that of the com-
pressed air, which may result in insufficient cooling of
the compressed air.

[0078] However, in the present embodiment, there is
provided a supply of moisture to the exhaust air in the
humidifying cooler (41) as well as in the humidifying part
(42). As a result of such arrangement, the-thermal ca-
pacity of the exhaust air within the exhaust air passage
way (32) increases by the enthalpy of the water vapor
supplied (flow rate: m7 + m2). Accordingly, in the
presentembodiment, it is possible to sufficiently cool the
compressed air, only by a flow of exhaust air for venti-
lation through the exhaust air-side system (40).

[0079] Further, the humidifying part (42) supplies a
specified amount of moisture to exhaust air so that the
exhaust air has, at the exit of the exhaust air passage-
way (32), a humidity in a range from not less than 80 %
to less than 100 %. That is, a supply of moisture to the
exhaust air is provided in such a range that no conden-
sation occurs in the exhaust air when discharged to the
outside of the room. Accordingly, a latent heat of vapor-
ization of water is utilized to the full for compressed air
cooling while making the processing of drain unneces-
sitated.

[0080] Thereafter, the exhaust air, which has ex-
changed heat with the compressed air in the heat ex-
changer (30), is expelled, by way of the outlet duct (44),
to the outside of the room. That is, in the present em-
bodiment, compressed air cooling is carried out by mak-
ing utilization of exhaust air that is expelled for effecting
ventilation from the inside to the outside of the room.
[0081] Further, of the moisture separated from the
compressed air in the demoisturizer (22), a part thereof
flows into the first water line (51) whereas the remaining
part flows into the second water line (52). The moisture
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now flowing in the first water line (51) is further divided
into two streams, i.e., one that is guided to the water-
side space of the humidifying cooler (41) and the other
that is guided to the water-side space of the humidifying
part (42) of the heat exchanger (30). Then, the moisture
directed to the humidifying cooler (41) is supplied,
through the moisture permeable membrane, to exhaust
air and utilized there for cooling of the exhaust air. On
the other hand, the moisture directed to the humidifying
part (42) is supplied, through the moisture permeable
membrane, to exhaust air and utilized there for sup-
pressing the temperature rising of the exhaust air in the
heat exchanger (30). Moreover, the moisture now flow-
ing in the second water line (52) is directed into the
branch duct (45) and supplied, together with room air
and low-temperature air, into the room for humidification
of the room.

EFFECTS OF THE EMBODIMENTS

[0082] In the present embodiment, exhaust air, the
temperature of which is lower than outside air tempera-
ture, is further cooled in the humidifying cooler (41) and
thereafter subjected to heat exchange with the com-
pressed air in the heat exchanger (30). As a result of
such arrangement, it becomes possible to cool the com-
pressed air to lower temperatures than performing cool-
ing with outside air. Moreover, the temperature rising of
exhaust air in the heat exchanger (30) is suppressed by
the humidifying part (42) of the heat exchanger (30). As
a result of such arrangement, it becomes possible to
maintain a difference in temperature between the ex-
haust air and the compressed air, thereby promoting the
transfer of heat from the compressed air to the exhaust
air.

[0083] Accordingly, the present embodiment ensures
that compressed air compressed in the compressor (21)
is positively cooled down to further lower temperatures.
Because of this, it is possible to reduce the compression
ratio of the compressor (21) while at the same time
maintaining cooling capacity, and reduction in the input
to the compressor (21) is achieved. This makes it pos-
sible to provide an improved COP.

[0084] Furthermore, in the present embodiment, ex-
haust air that is expelled from the room for effecting ven-
tilation is utilized for compressed air cooling. Exhaust
air is not simply expelled to the outside of the room, that
is, cold of the exhaust air is recovered to the com-
pressed air. Because of this, room ventilation can be
carried out without having to increase room air-condi-
tioning load to a greater extent, thereby making it pos-
sible to reduce energy loss.

[0085] Further, by virtue of the humidifying part (42)
of the heat exchanger (30), moisture evaporation latent
heat is utilized to the full in such a range that no con-
densation occurs in the exhaust air, for compressed air
cooling. Because of this, it is possible to achieve com-
pressed air cooling by making utilization of a latent heat



15 EP 1 143 208 A1 16

of vaporization of moisture without having to process
drain water.

[0086] In addition, in the present embodiment, com-
pressed air is cooled with exhaust air the flow rate of
which is lower than that of the compressed air. However,
as describe above, since it is possible to achieve cooling
of the compressed air by making utilization of a latent
heat of vaporization of the moisture supplied to the ex-
haust air, this makes it possible to cool the compressed
air to a sufficiently low temperature, even in such a case.
[0087] Further, the humidifying cooler (41) and the hu-
midifying part (42) of the heat exchanger (30) each are
formed so as to gradually supply moisture to exhaust air
through the moisture permeable membrane. This ar-
rangement therefore makes it possible to cause the
moisture thus supplied to be evaporated positively in the
exhaust air and, as a result, the moisture supplied into
the exhaust air will not remain in the phase of liquid. Ac-
cordingly, the latent heat of vaporization of the moisture
is utilized to the full for compressed air cooling without
taking into consideration drain processing at all.
[0088] Additionally, it is possible to deliver, after per-
forming separation of moisture from compressed air by
the demoisturizer (22), the compressed air to the expan-
sion device (23). This therefore makes it possible to
cause the compressed air low in moisture content to ex-
pand, thereby providing protection against the occur-
rence of condensation in the post-expansion low-tem-
perature air. As a result, it becomes possible to cool the
room while preventing liquid droplets from being emit-
ted, together with low-temperature air, into the room.
[0089] Further, in accordance with the demoisturizer
(22), it is possible to separate moisture from com-
pressed air in the form of water vapor without conden-
sation. Because of this, it is possible to lower the en-
thalpy of compressed air that is delivered to the expan-
sion device (23) to a further extent. This therefore in-
creases cooling capacity, thereby providing a further im-
proved COP.

[0090] In addition, the low-pressure space of the de-
moisturizer (22) is depressurized by the vacuum pump
(36), thereby making it possible to ensure a different in
partial pressure of water-vapor between the low-pres-
sure space and the high-pressure space at all times. Ac-
cordingly, water vapors in the compressed air penetrate
through the separation membrane at all times, so that
separation of water vapor from compressed air can be
carried out positively. As a result, it is possible to provide
an improved COP. Further, also during start-up, it is pos-
sible to ensure a difference in partial pressure of water-
vapor between both the sides of the separation mem-
brane, thereby making it possible to shorten the time
taken to provide sufficient cooling capacity from the
start-up.

[0091] Further, moisture separated from compressed
airis supplied to low-temperature air through the second
water line (52). This provides protection against exces-
sive drop in room humidity, thereby making it possible
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to maintain not only room temperature but also room hu-
midity in specified ranges to improve comfortability of
the person present in the room.

[0092] Additionally, moisture separated from com-
pressed air is supplied, through the first water line (51),
to the humidifying cooler (41) and to the humidifying part
(42). And then, the moisture can be supplied to the ex-
haust air in the humidifying cooler (41) and in the hu-
midifying part (42) and it is possible to make use of mois-
ture separated from compressed air for providing com-
pressed air cooling in the heat exchanger (30). As a re-
sult, it becomes possible to reduce the amount of water
required for running operations.

[0093] Further, it is arranged such that a mixture of
low-temperature air and room air is supplied into the
room. This provides protection against excessive drop
in the temperature of air that is emitted into the room,
thereby making it possible to maintain comfortability of
the person present in the room.

FIRST VARIATION

[0094] In the above-described embodiment, low-tem-
perature air from the expansion device (23) and room
air are mixed together and supplied into the room. In-
stead of such arrangement, only low-temperature air
may be supplied into the room. That is, there are cases
in which the temperature of low-temperature air dose
not become so low depending upon the running condi-
tion (for example, about 15 degrees centigrade). In such
a case, even when only low-temperature air is supplied
into the room, there is no danger of causing discomfort
to the person present in the room. Accordingly, only low-
temperature air may be sent out to the room without be-
ing mixed with room air.

SECOND VARIATION

[0095] Further, in the above-described embodiment,
moisture separated from compressed air in the demois-
turizer (22) is supplied to exhaust air through the first
water line (51) and to low-temperature air through the
second water line (52). However, the moisture is not
necessarily supplied to both of the exhaust air and the
low-temperature air. The moisture may be supplied ei-
ther to the exhaust air or to the low-temperature air.

THIRD VARIATION

[0096] Further, in the above-described embodiment,
moisture separated from compressed air in the demois-
turizer (22) is supplied to the humidifying cooler (41) and
to the humidifying part (42). However, an arrangement
may be made in which one end of the first water line (51)
is connected to the inlet duct (43) and the separated
moisture is supplied to exhaust air within the inlet duct
(43). Further, another arrangement may be made in
which one end of the first water line (51) is connected
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to the outlet duct (44) and the separated moisture is sup-
plied to exhaust air which has exchanged heat with com-
pressed air in the heat exchanger (30).

FOURTH VARIATION

[0097] Further, in the above-described embodiment,
the demoisturizer (22) is interposed between the heat
exchanger (30) and the expansion device (23) in the cy-
cle-side system (20). However, an arrangement may be
made in which the demoisturizer (22) is interposed be-
tween the compressor (21) and the heat exchanger (30)
and moisture is separated from compressed air prior to
cooling by the heat exchanger (30). Furthermore, like
the third variation, in the present variation moisture sep-
arated from compressed air may be supplied either to
exhaust air within the inlet duct (43) or to exhaust air
within the outlet duct (44).

FIFTH VARIATION

[0098] Moreover, in the above-described embodi-
ment, the low-pressure space of the demoisturizer (22)
is subjected to depressurization by the vacuum pump
(36) and moisture separated from compressed air by the
demoisturizer (22) is utilized for room humidification, ex-
haust air cooling, et cetera. However, an arrangement
may be made in which the vacuum pump (36) is not pro-
vided and the configuration of the demoisturizer (22) is
changed so that water vapor in compressed air passes
through the separation membrane and moves to ex-
haust air.

[0099] That is, defined in the demoisturizer are a cy-
cle-side space and an exhaust heat-side space which
are separated from each other by a separation mem-
brane. Compressed air cooled in the heat exchanger
(30) is directed to the cycle-side space. On the other
hand, the inlet duct (43) of the exhaust heat-side system
(40) is connected to the exhaust heat-side space and
the exhaust heat-side space is defined at a halfway por-
tion of the inlet duct (43). In such a case, only the water
supply pipe (50) is connected to the humidifying cooler
(41) and to the humidifying part (42) so that only tap wa-
ter et cetera from the outside is supplied to the humidi-
fying cooler (41) and to the humidifying part (42).
[0100] Owing to the difference in partial pressure of
water-vapor created between the cycle-side space and
the exhaust heat-side space, water vapor in com-
pressed air penetrates through the separation mem-
brane and travels to exhaust air. Thereafter, the water
vapor thus separated is expelled to the outside of the
room, together with the exhaust air. Accordingly, the
present variation makes drain processing unnecessitat-
ed.

INDUSTRIAL APPLICABILITY

[0101] Asdescribed above, the air-conditioning appa-
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ratus of the present invention is useful for room cooling
and particularly applicable to air cycle cooling.

Claims

1. An air-conditioning apparatus which cools room air
by an air cycle employing air as a refrigerant for per-
forming air-cooling, comprising:

a compressor (21) which draws in at least air in
a room for compressing said drawn room air;
cooling means (30) which subjects said com-
pressed air compressed in said compressor
(21) to heat exchange with exhaust air expelled
from said room for cooling said compressed air;
and

an expansion device (23) which provides ex-
pansion of said compressed air cooled by said
cooling means (30);

wherein low-temperature air, cooled by said ex-
pansion in said expansion device (23), is deliv-
ered into said room.

2. The air-conditioning apparatus of claim 1 further
comprising moisturizing means (41) which supplies
moisture to said exhaust air that is delivered to said
cooling means (30) for pre-cooling said exhaust air.

3. The air-conditioning apparatus of claim 1 further
comprising moisturizing means (42) which supplies
moisture to said exhaust air so that cooling of said
compressed air is performed making utilization of a
latent heat of vaporization of water in said cooling
means (30).

4. The air-conditioning apparatus of claim 2 or claim
3, wherein, when said exhaust air is expelled from
said cooling means (30), each said moisturizing
means (41, 42) supplies a specified amount of
moisture to said exhaust air so that said exhaust air
has a relative humidity in a range from not less than
80% to less than 100%.

5. The air-conditioning apparatus of claim 2 or claim
3, wherein each said moisturizing means (41, 42)
supplies moisture to said exhaust air through a
moisture permeable membrane transmittable to
moisture.

6. The air-conditioning apparatus of claim 1 further
comprising demoisturizing means (22) which has a
separation membrane, said separation membrane
being formed such that water vapor in the air is al-
lowed to pass therethrough from a high partial pres-
sure of water-vapor side to a low partial pressure of
water-vapor side thereof, for separation of water va-
por contained in said compressed air without caus-
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ing said water vapor to undergo condensation.

The air-conditioning apparatus of claim 6 further
comprising depressurizing means (36) which pro-
vides depressurization of one of said sides of said
separation membrane in said demoisturizing
means (22) so as to ensure a difference in partial
pressure of water-vapor between both said separa-
tion membrane sides.

The air-conditioning apparatus of any one of claims
2-5 further comprising demoisturizing means (22)
which has a separation membrane, said separation
membrane being formed such that water vapor in
the air is allowed to pass therethrough from a high
partial pressure of water-vapor side to a low partial
pressure of water-vapor side thereof, for separation
of water vapor contained in said compressed air
without causing said water vapor to undergo con-
densation.

The air-conditioning apparatus of claim 8 further
comprising depressurizing means (36) which pro-
vides depressurization of one of said sides of said
separation membrane in said demoisturizing
means (22) so as to ensure a difference in partial
pressure of water-vapor between both said separa-
tion membrane sides.

The air-conditioning apparatus of claim 6 or claim
8, wherein said demoisturizing means (22) is
formed so that one of surfaces of said separation
membrane is brought into contact with said com-
pressed air whereas the other of said surfaces is
brought into contact with said exhaust air, whereby
water vapor contained in said compressed air will
travel to said exhaust air.

The air-conditioning apparatus of any one of claims
6-9, wherein a part or all of moisture separated from
said compressed air by said demoisturizing means
(22) is supplied, together with low-temperature air
from said expansion device (23), into said room.

The air-conditioning apparatus of claim 9, wherein
a part or all of moisture separated from said com-
pressed air by said demoisturizing means (22) is
supplied to said exhaust air by said moisturizing
means (41, 42).

The air-conditioning apparatus of any one of claims
6-12, wherein said separation membrane is com-
posed of a polymeric membrane and formed so as
to allow water vapor to pass therethrough by water-
molecule diffusion in said membrane.

The air-conditioning apparatus of any one of claims
6-12, wherein said separation membrane has a
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large number of pores having a size equal to a mol-
ecule free path and is formed so as to allow water
vapor to pass therethrough by water-molecule cap-
illary condensation and diffusion.

The air-conditioning apparatus of any one of claims
1-14, wherein said compressor (21) is so formed as
to draw in room air and supply air that is supplied
from the outside to the inside of said room.

The air-conditioning apparatus of any one of claims
1-15, wherein low-temperature air from said expan-
sion device (23) is mixed with room air and thereaf-
ter said mixture is supplied into said room.
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